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CHAPTER 1 
 
INTRODUCTION 
 
1.1      Research Background 
7KH FODVVLF SRZHU V\VWHP PRGHO FRPSULVHV DERXW WKUHH HVVHQWLDO FRPSRQHQWV LQ
SDUWLFXODUJHQHUDWLRQ WUDQVPLVVLRQOLQHDQGGLVWULEXWLRQQHWZRUN7KHVHJPHQWVDUHUHOLDQW WR
JXDUDQWHH WKH JHQHUDWHG SRZHU FRXOG EH WUDQVPLWWHG IURP WKH JHQHUDWLRQ WR WKH GLVWULEXWLRQ
V\VWHPRUGHPDQGWKURXJKWKHWUDQVPLVVLRQOLQH,QDGGLWLRQWKHSRZHUV\VWHPLVGHVLJQHGWR
ZRUNV ZLWK XQLGLUHFWLRQDO SRZHU IORZ GXH WR ODFN RI SRZHU VRXUFH H[FHSW LQ JHQHUDWLRQ
FRPSRQHQWRQO\+RZHYHUOLNHZLVHWKHGHPDQGVDUHDQWLFLSDWHGZLWKKHLJKWHQLQWKHIXWXUH
RQHRIWKHSRVVLEOHVROXWLRQVFRXOGEHGRQHLVWRLPSURYHWKHHQWLUHSRZHUV\VWHPSHUIRUPDQFH
$ODEUL  &RQFHUQLQJ RQ WKLV VROXWLRQ LW ZLOO UHTXLUH LQWHQVLYH SODQQLQJ WR DOO WKH
FRPSRQHQWV WKXV LQFUHDVLQJ WKH RYHUDOO FRVW RI WKH SRZHU V\VWHP 2Q WKH FRQWUDU\
LQWURGXFWLRQRIPLFURJULGFRQFHSWE\ /DVVHWHUHW DO RIIHUVDQ LQWHUHVWLQJVROXWLRQ WR
LQWHJUDWHVPDOOFDSDFLW\RI'LVWULEXWHG*HQHUDWLRQ'*LQWKHGLVWULEXWLRQV\VWHPLQVWHDGRI
UHO\VROHO\RQFHQWUDOL]HGJHQHUDWLRQVFKHPHV WKHUHE\UHGXFLQJ WKHQHFHVVDU\ LPSURYHPHQWV
PDGHLQWKHJHQHUDWLRQDQGWKHWUDQVPLVVLRQOLQHV
,QWURGXFWLRQRIWKH'*KDVFKDQJHGWKHIXQGDPHQWDOZD\RIWKHRSHUDWLRQLQWKHSRZHU
V\VWHPVSDUWLFXODUO\ WKHGLVWULEXWLRQQHWZRUNVZKHUH WKHVWDWXVKDVFKDQJHG IURPSDVVLYH WR
DFWLYHQHWZRUN 0DVWHU7KH'*FDQHIIHFWLYHO\SDUWDNH LQ WKHGLVWULEXWLRQV\VWHP LQ
RUGHU WR JLYH DGGLWLRQDO VXSSRUW WR WKH PDLQ JULG LQ VDWLVI\LQJ ORDG GHPDQGV HQKDQFLQJ WKH
YROWDJHSURILOHLPSURYHUHOLDELOLW\DQGDOVRSRZHUORVVHVUHGXFWLRQ%DUNHUHWDO'RQGL
 
 
HWDO7KHUHGXFWLRQRISRZHUORVVHVLVDYLWDOXQGHUWDNLQJWRPDLQWDLQWKHHIILFLHQF\RI
WKHGLVWULEXWLRQV\VWHP7KHUHDUHVHYHUDODSSURDFKHVWRRYHUFRPHWKHSRZHUORVVHVSUREOHP
VXFK DV QHWZRUN UHFRQILJXUDWLRQ LQVWDOOLQJ FDSDFLWRUV DQG LQVWDOOLQJ '*V +RZHYHU WKH
EHQHILFLDO RI WKHVH DSSURDFKHV FDQ EH DFKLHYHG LI WKH\ DUH FDUHIXOO\ FRRUGLQDWHG LQ WKH
GLVWULEXWLRQV\VWHP
&KXRQJ  VXJJHVWHG WKDW YROWDJH VWDELOLW\ VKRXOG EH WDNHQ DV DQ REMHFWLYH
IXQFWLRQZKHQDGGUHVVLQJWKHRSWLPDOSODFHPHQWRI'*XQLWV,QDGGLWLRQWZRQRWDEOHVWXGLHV
+HGD\DWLHWDODQG$ORQVRHWDOIRUPXODWHGDSSURDFKHVWKDWFDQEHXWLOLVHGWR
LGHQWLI\HIIHFWLYHSODFHPHQWVIRU'*XQLWVWRKHLJKWHQWKHYROWDJHSURILOHDQGYROWDJHVWDELOLW\
RIDGLVWULEXWLRQV\VWHP7KHUHVHDUFKHUV+HGD\DWL VLWXDWHG'*XQLWVDW WKHEXVVHV WKDWZHUH
VHQVLWLYHWRYROWDJHFROODSVHDQGWKHUHVXOWVLQGLFDWHGWKDWYROWDJHSURILOHZDVHQKDQFHGZKLOH
ORVVUHGXFWLRQWRRNSODFH
7KHUHDUHVHYHUDOJURXSVZKLFKKDYHEHHQXVHGWRVROYHFRRUGLQDWLRQSUREOHPVVXFKDV
DQDO\WLFDO KHXULVWLF DQG PHWDKHXULVWLF WHFKQLTXH ZKHUH HDFK RI WKH JURXSV KDV LWV RZQ
DGYDQWDJHVDQGVKRUWFRPLQJV$PRQJWKHVHJURXSVWKHPHWDKHXULVWLFDUHPRUHSURPLQHQWLQ
VROYLQJWKHFRRUGLQDWLRQSUREOHPVGXHWRUREXVWQHVVDQGVLPSOHWR LPSOHPHQW3DOLZDOHWDO
7KHUHDUHDIHZVWUDWHJLHVWKDWKDYHEHHQSUHVHQWHGXQGHUWKHPHWDKHXULVWLFJURXSVIRU
H[DPSOH 6LPXODWHG $QQHDOLQJ 6$ .HUOHWD HW DO  $QW &RORQ\ 2SWLPL]DWLRQ $&2
-DPLODQG3DUWLFOH6ZDUP2SWLPL]DWLRQ3625HGG\HWDO)XUWKHUPRUHDIHZ
UHVHDUFKHUVKDYHDGGLWLRQDOO\SURSRVHGK\EULGL]HGRSWLPL]DWLRQWHFKQLTXHVE\FRPELQLQJWZR
RSWLPL]DWLRQWHFKQLTXHVWRFDQFHORXWWKHGLVFUHSDQFLHVRIHDFKIRUDFKLHYLQJEHWWHUVROXWLRQV
$OPRVWDOORIWKHVHWHFKQLTXHVZHUHLQVSLUHGE\QDWXUDOOLIH%RXVVDwGHWDO


 
 
1.2      Research Question 
7KHUHOLDELOLW\DQGVXVWDLQDELOLW\RIWKHSRZHUGLVWULEXWLRQV\VWHPDUHFULWLFDOLVVXHVWKDW
QXPHURXV HQJLQHHUV DQG UHVHDUFKHUV KDYH VWXGLHG DQG SURSRVHG YDULRXV VROXWLRQV IRU
H[SDQVLRQ LWV SURILFLHQF\ 7KLV PDWWHU LV FULWLFDO ZLWK D VSHFLILF HQG JRDO WR VDWLVI\ ORDG
GHPDQGV ZKLFK LQFUHPHQW IXQGDPHQWDOO\ \HDU E\ \HDU 1RQHWKHOHVV WKH DGYDQFHPHQW LQ
LPSURYLQJ WKH SURILFLHQF\ RI WKH V\VWHP LV KLQGHUHG E\ RQH PDLQ FRQVLGHUDWLRQ WKDW LV WKH
H[LVWHQFH RI KLJK UHDO SRZHU ORVVHV %HVLGHV WKH FXUUHQW WUHQG RI HOHFWULFDO HQHUJ\ WDULII LV
KLWWLQJDWDXJPHQWDWLRQDQGLWLVH[SHFWHGWRHVFDODWHLQWKHIXWXUHFRQVHTXHQWO\LQFUHDVLQJWKH
VLJQLILFDQFHRISRZHUUHGXFWLRQ7KHUHIRUHQXPHURXVUHVHDUFKHUVKDYHGHYRWHGWKHLUHIIRUWWR
ILQGWKHFRQFHLYDEOHDQVZHUIRUPLQLPL]LQJWKHSRZHUORVVHVZKLOVWUHWDLQLQJWKHVWDELOLW\DQG
VHFXULW\RIWKHV\VWHP
7KHUH DUH VHYHUDO DSSURDFKHV VXJJHVWHG E\ UHVHDUFKHUV WR GHDO ZLWK WKH UHGXFWLRQ RI
SRZHU ORVVHVDQG LPSURYH WKHYROWDJHVWDELOLW\ VXFKDVGHWHUPLQLQJ WKHRSWLPDO'*RXWSXW
SRZHU DQG QHWZRUN UHFRQILJXUDWLRQ :LWKDO WKH LQFRUUHFW XVHG RI WKHVH DSSURDFKHV PLJKW
GHWHULRUDWH WKH V\VWHP¶V RSHUDWLRQ DQG DSSHDU RSHUDWLRQDO DQG SODQQLQJ SUREOHPV LQ WKH
GLVWULEXWLRQ V\VWHP 7KH SXUSRVH RI WKLV UHVHDUFK LV WR GHWHUPLQH WKH DQVZHU WKDW FDQ
KDUPRQL]H WKHQHWZRUN UHFRQILJXUDWLRQZLWK'*VL]LQJ LQRUGHU WR IXUWKHU UHGXFH WKHSRZHU
ORVVHVDQGLPSURYHGYROWDJHVWDELOLW\LQWKHGLVWULEXWLRQQHWZRUN
6HYHUDO UHVHDUFK TXHVWLRQV WKDW ZLOO EH HPHUJH ZKLOH EUHDNLQJ GRZQ WKH LPSDFW RI
FRPELQLQJWKHDSSURDFKHVRQWKHGLVWULEXWLRQV\VWHPDUHOLVWHGEHORZ
L :KDWLVWKHLPSDFWRI'*DQG'15RQWKHSRZHUORVVHVDQGYROWDJHVWDELOLW\"
LL +RZGRHVWKHSHUIRUPDQFHRISRZHUV\VWHPZKHQWKHOHYHORIORDGVDUHYDULHG"
LLL :KDW LV WKH VXLWDEOH WHFKQLTXH WR GHWHUPLQH WKH RSWLPDO '* VL]LQJ DQG '15 LQ
RUGHUWRRYHUFRPHWKHSRZHUORVVHVDQGYROWDJHVWDELOLW\SUREOHP"
 
 
LY +RZWRYHULI\WKHDFFXUDF\DQGHIILFLHQF\RIWKHSURSRVHGWHFKQLTXH"
7KHHQWLUHTXHVWLRQUDLVHGZLOOEHDQDO\]HGDQGGLVFXVVHGODWHU

1.3      Problem Statements 
7UDQVIRUPDWLRQ RI GLVWULEXWLRQ QHWZRUN WRZDUG PRUH DVWXWH DQG SURILFLHQW V\VWHP
HQGXUHVZLWKQXPHURXVFKDOOHQJHV$VWDQGRXWDPRQJVWWKHPRVWGLIILFXOWLHVFRQIURQWHGE\WKH
UHVHDUFKHUV LV WR DFFRPSOLVK D PRUH HFRQRPLFDO GLVWULEXWLRQ QHWZRUN WKURXJK UHGXFWLRQ RI
SRZHUORVV,QDGGLWLRQWKHHVVHQWLDOZD\RIWKHGLVWULEXWLRQQHWZRUNLWVHOIWKDWKDVDORZ;5
UDWLR OHDG WKH GLVWULEXWLRQ V\VWHP KDYH PRUH LPSDFW RQ WKH SRZHU ORVV DQG YROWDJH SURILOH
FRPSDUHG ZLWK WKH WUDQVPLVVLRQ OLQH $FNHUPDQQ  0DVWHU  $V EHIRUHKDQG
H[DPLQHGWKHUHDUHDIHZDSSURDFKHVWKDWKDYHEHHQGRQHWRWDNHFDUHRIWKHLVVXH*HQHUDOO\
WKHVHVROXWLRQVDUHGRQHLQGHSHQGHQWO\ZKLFKLPSOLHVDSRZHUORVVUHGXFWLRQLVDFFRPSOLVKHG
HLWKHUE\XVLQJQHWZRUNUHFRQILJXUDWLRQRU'*VRUFDSDFLWRUV5HVHDUFKV LQ&KXRQJ 
+HGD\DWLHW DO DQG*LOHW DO  XVHG'*DSSURDFKRQO\ LQ VROYLQJ WKHYROWDJH
VWDELOLW\ SUREOHP ZLWKRXW FRQVLGHULQJ RWKHU DOWHUQDWLYH VXFK DV QHWZRUN UHFRQILJXUDWLRQ
7KHUHIRUH D VLPXOWDQHRXV DSSURDFK LV FRQVLGHUHG LQ WKLV UHVHDUFK ZKLFK LV QHWZRUN
UHFRQILJXUDWLRQDQG'*LQVROYLQJWKHSRZHUORVVHVDQGYROWDJHVWDELOLW\SUREOHP 
1RZDGD\VWKHUHDUHYDULRXVW\SHVRIPRGHUQRSWLPL]DWLRQWHFKQLTXHVVXFKDV)LUHIO\
$OJRULWKP )$ <DQJ  $QW &RORQ\ 2SWLPL]DWLRQ $&2 -DPLO  $UWLILFLDO
,PPXQH6\VWHP$,6$ORQVRHWDO+DUPRQ\6HDUFK$OJRULWKP+6$=/LHWDO
DQG$UWLILFLDO%HH&RORQ\$%&&KDZHHZDWHWDO$OORIWKHPFDQEHUHJDUGHG
DVPHWDKHXULVWLFRSWLPL]DWLRQPHWKRGVGXHWRWKHUDQGRPL]DWLRQLQYROYHGLQWKHLUUHVSHFWLYH
LQLWLDOVWHSV'HVSLWHWKHXVDJHRIUDQGRPL]HGYDOXHVWKHPXWDWLRQSURFHVVDQGRWKHUVWHSVLQ
